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(54) HEAT RESISTANT MEMBER AND ITS PRODUCTION 
(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress peeling of a ceramic layer 
over a long period of time in a high temp, atmosphere to contrive a long 
life in a heat resistant member having a ceramic coating layer. 
SOLUTION: The heat resistant member 4 is provided with a metallic 
base material 1 consisting of an alloy consisting essentially of at least 
one kind selected among Ni, Co and Fe, a M-Cr-Al-Y alloy layer 2 (M 
is Ni, Co or Fe) coated on the metallic base material land moreover, a 
ceramic layer 3 provided thereon. In such a case, the ceramic layer 3 
provided with a matrix material 5 mainly constituting the ceramic layer 
and flocculated particles 6 of multiple oxide particles dispersed in the 
matrix material 5. The flocculated particles 6 consist of the multiple 
oxide containing, for example, alkaline earth element and at least one 
kind metallic element selected among W, Ti, Ta, Mo and Nb and also 
are obtained by flocculating and precipitating plate like particles or 
acicular particles of the multiple oxide. 
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(57) [gfj] 

una] -fe^ s » **»OT*wr*if*ia$»ec*K> 

WPS^ai N i , C o teiy'F e *»6iB«n*iJ>tt 

li. c ©#ji*w i ±«caawgRg 3 nrcM - C r - A 

1 -Y^d (M:Ni, Co, Fe) 2i, 3 

tS7h >J 7 *Xttft5£. CCD"? V 'J »«^tW5|«J 
*. «^lx.tfT;U* y±»7HR4 W. Ti, 



4 




1 

[f»#3l 1 ] Ni. Co fciD'F e frhmttlZ'PtSi 

4. Mii&mMtttlcWlltmZtitcM-C r - A 1 - 
YS&m (/c/cU MWN i . C o*J<fcO'F e^6jl« 
ttS4>£c<4& i®©7C^^-r) 4. MIBM-Cr- 

a i -Y&&m±<,cm-thtitc-t ; 7 5. yfxmtzmm 

i4WtSCi 4 D" SftH&SGtto 
[fit#g[2 ] imm l IB«E©W^gp^c*>-c^r. 

HUie^ft^CI, TJU#'J±=IH7CSR4W. Ti. Ta. 

Mo*jj;o'Nb^e>a«n-5ii>^< i& ia©^S7c^ 

[m>m3 ] Ni, C o*?J:D>T efr6jl«:ft34>& 
<<!:^> lig<D7C^i^i-r^.^^6^-5^»W 
4. prlB^aWiicMSffM^n/'clVI-C r - A 1 - 
Y^feJl (tctcU, MttN i . C oisJzVF e*>e>iltf 

ti%'Ptji <4& i«©7c3R£ip-r) 4. mrieM-cr- 

JUir 5 St SHM" * K * jifc 0 . 

Mia-fe^ s ?xm*%.t vxmmrz>-? v y » **** 

144. T^* , ;±^7C*<i: > W. Ti. Ta. MofcJ; 

o'n b *> h iMtf *isii>a < i i> xwDsmimt 

T50«fflt>t, HuteM-Cr - A 1 -Y^&@ 
Il£SfeGT. iiufBTJU#y±!IM^4iiuiB#JS^3K4£ 

[0 00 1 ] 
[0 00 2 ] 

a 3 n s isatsgcig^m t* a I § u /ctggnjgffl as© 

JW*uuu©«f1& mt2ffifi&0t ffiAH&-ltfflMb 

CoK©$g^©afflK:. M-Cr-Al-Y (M=N 
i, Co&4) ^*>6<c*Wft •itBKb&IB =»--?■■/ 

i'(c fct, » r ttiMK<Dt%ffi 4 h r etccjs < jgffl $ ft ri > 

So 



(2) »BI¥1 1 -2 64 0 8 3 

2 

[ 0 0 0 3 ] 3 6&S?*ffl{t©SWi©if "C. 

• W(til3-f ^ >y©^r'ttKicW*41ttt£ vr 

JfctSWSp. *«SR*&4*©1$14*&. Y, 0 3 ZtfZltZ 

rO, #*&iE<ajB3hT.-s. 

[0 0 0 4] LfrU i«»t*©aiKl)li3-?'^ 

xm £<DnM&m-cM$t<Dmm&mc <o, ^ ? 3 v t> x 

[0 00 5] — -flSWfc-te^ 3 7 ^ ^gp^cb©*^ 

e-n-cus. mar. t^©jis«i*>J©s^-c*s«6^ 
wtMt7? ^ xt«4*«:s i cmm^&mmmrj: 

S i 3 N, vh 'J ^X^CcS+tmf&^W-rS/S-S i 

So 

30 [0 00 6 ] S/c. "7 h y -^XibtC e&mti/fr 
r;u s ^ C JoC s^&T-^rW tH 3 -t± -5> c 4 tc J: o r , 

««i9tt©isi±^B« <«asatjn«iii*a*) *sf#6nfcc 

B5^^»?H^«5^. 2C-02. 1993^^4') o 
[0 00 7 ] > h Jptin&Wo'x *t - f>OS 

©rtasH«*a^fb-r*c4*»tft§#sn-c*)ft. -e©- 

KZtlXttc (^tf. Surf, and Coat. Tech., C.C.B 
erndt and J. H.YI, 37(1989) p89-110)„ 

[0008] LfrLte&h, mm^-f-t^if^tu 
wn%ffl^ttm^ww.w& ■ mm $ c t r 

IBL/cJ: ^ ttttfUifS^arYbtl^-ttdf^AiS^b-r to 
50 <*j*r»«l*»B-C9fi{tftH<>«B*0TL*»,». »tt 



(3) 

3 

atCcfc^M^fi^aJlUr. 200~~ 500/im ©?Ifi© 

i&S-tf&C £»-?#&(,>„ t©<fc*>&C£#>6. ^*ta 
^fflOTlR 1 ^ (i&lfi&SKH 1 ) «*+©7f*tt©i$5*tK 10 
tfc?- (mWlT^S^iffiff ) &££S}£7}«fc3t»-.2>C£ 

[0010] ^JUn-r^teftcfK L a - (S - T 

(s^ffiil) 4fut5>t5!tB^1'4Kirt. com 
-ewsfltt^BiS (i6oo-cw±) tMii-^^* 
-So ^m*t<Dm&mtiPhKznmmtx'k*. c© 

lat^m-rzctw-cgts:^ c©<£^&ftij$w&&fc 20 

[0 0 l 1 ] 

£ u /c5>t5t*4^*^tf mm 3 - ^ > «-r £ c £ 

[0012] ^BJttCCDck^^lfSCC^-r-S/cfetC 
[0013] 

[iSgI£jSS&T.2>fc&©^g?] ^BjcDW^gmii. I» 
ltc IBi£L/'cJ:MC, Ni, CofciOTeHI 40 

S^KM* £ . li*iB&IIIStt±K&S0&tE ^nfcM-C 
r - A 1 -Y^Ji (fcfc'U MBN i . CoteiOT 
e^e»jltfn-2>^< £^> iSOWHRfc^-r) £. lulB 
M-C r -A 1 -Y^iB±KSW6nfc-fe7 5 

«, -en^rii LTif^-r€>-7 h fxtmt. m 
iori^o so 



1 1 -2 6408 3 
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[0014] *»B©iS«ia5tttctei,»r. mrlBSaife^ 
««?ilx.«it*«2tcieticbfcj; i 5tc 1 tju* 'J±ffi7c3t 

£. iiltW, Ti. Ta. MofcJ:0-*Nb^6jl« 

fc* i«(c. B«IB«^^[b«5©¥«©^*J J: cttWSfrf- 
©*!>&< £ fc— #*«Sfe3-efctt-?--C*S C £*W* L 

[0015] *«W©iHJ»aWt©«Jfi*j*tt. »#£3 
CClSttLA:J:9«:. Ni. C o *5<fcO*F e *>6ilt«ft£ 

Stt £. «TlB^«aW±«:ttffl^SS3 n/cM - C r - A 
1 -YS&M (fetch, MttN i . CoiiiO'Fe^ 
j!tf*i&4>ft< £4> xm<D7cm*frs-?) £, fTSBM-C 
r - A 1 - Y£&H±«cttB8&iSSftfc-fe5 5 
£€r^[i-r.2>W«igPW ; l:tfit-r€.tC$>/c0. fjIB-fe^S 

* i ;±3S7cSRi» W, Ti, Ta, MoteJ:i>'Nb*>6 

jw*n*iJ>tt< it> i«©^«7c^£^w-rsMf4ia 

JfrSrfflt^T, huIBM-C r - A 1 -Y^Jg±(Cf)f3-fe 
757 Z*m*WtMf8ft 5Xli, HufB-te 5 5 9 * * 

ff&C 500~1400°C©®H©SS"C^i53:a?r]iifeLr i HUfB 

ffc, ffia3-t±-5ia££W-r£C££#®£0Tl>S. 
[0016] ^^©W^SPttiCfc^Ttt. -fe^ 3 y >> 

x@rt«:T^*y±»7c^*^tfa^K{btj > 

£Lrr^*U±S7C*£W, Ti. Ta, MofeM 
Nb^6iitfns^>^< £*> ia©^feJl7n*£ ; &^ffl 

■fe^s ^^x®©iyjg|^sSL-cf£piiJ-rsc£^oj^£ 
^^.o ^tc. «^{bM4^«fl^tc4>ms©3lMJrpsiI 

£ Lx&m ort»*fc8E>. =k 0 A#^cm§i©jiM}ip*i)^) 
m^ffsc£^-c^^,, 

[0017] CCt, Mg-^C a^£©T;U*U±^7t: 

^^^tffb^gj mutmitw) £. siitw, t 

i, Ta, Mofc<J;0*Nb#>63M«ft&:4>&< £fe l« 

ttffli-rj»«ia-r*4. tbiswiga 500- woo 

"O -CStDLT, M^tfMgWO. . MgTiO, . M 
gTa, 0 6 . MgMoO, . MgNb, O s &£'©« 

f b»©Mf4»5K©fi[Stt £ *«l®-r -*>C£(cJ;oT, ± 



[ o o l 8 ] c©J: 5 tc. ftmk=f-t LroimSMim 

rwa-r^/c*. ^i«ttit5 s ■> **n£©*gi=?gis 
stsat c £ & < . ^^^wai©;^©^®^ 

[0019] 

[ 0 0 2 0 ] B 1 «. *&W<D—m!&B1&K. JcSW&SB 

r. l tt£!!»tf-e£> 9 . ccD^IiM l £ otttN 
i. CofcctO'F ert>6itl&#h6iJ>&< £ & l«©7t;5R 

««2*n©w«te£*aMtR u r&m-r a c & #r * 

•So Hffl±tt. IN738. IN738LC, IN939. Mar-M247. 
RENE80, CM-247. CMSX-2. CMSX-4& £"©N i Iffi^l 
FSX-414. Mar-M509&£*©C o SH^^^rffll^-S C 

[0 02 1] ±aLfc#iItt 1 0gIK«, • M 
^fb^JS3-7-^>^aiL/-CM-C r - A 1 -Y£-£ 

(MttN i . CoteiOT e#>e.i!tfn&4>&< £& l 
«©7cJft*^-<r) »2 3WftBDKJiSSn-CC»4. M-Cr 
-A 1 -Y^#H2«. £f*&f&-k^3 9 30 

[0022] M-Cr-A 1 — Yail 2 &i. C©^ 
&ff^@W£*g£W{c«»rbT > — «wec« o.i~2oa 
&% ©A 1 . l0~35Sa% ©C r . 0.1~ 5fifi% ©Y 
JSaWN i *sJ:e>*C o frh'mXti&'ptj; < £ & 

e.ns„ A 1 *J J:£>*C r W4>fc < £ t>— 

■Ct^n«cfc<, *fcYCCft*.TH f . Zr. T i &i'© 

oTBNb, Ta. W&££ SSfix JSiTI§g©ffiH-C 
*&0Tt»T*>J:<,». CCTB, ±fBL/fcJ:^*^#=S: 
»LtM-C r — A 1 - Y^#£Df^ 0 *&lftl>C«N 

iCoCrAlY, CoNiCrAI Y, NiCrAl 
Y. CoCrAlY, FeCrA lYftt'WJUU. 

[0 02 3] M-C r -A 1 -Y^H2iJ. jgWffi. 
PVDS, C V Dfcfc £©S«sRIBtfrtetc <fc oTMt 
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6 

tliC«fci9fiSMB#©M-C r - A 1 - Yl^&JI 2 ©M{b£ 
/c. M-C r - A 1 -Y^^J12©J13(il0— 500/nm 

t*>^gpr«5o~ 300Atm «a#8Wb*Mfr*>&Sl*W l 
[0024] ±i$G/c<fc i 5&M-C r - A 1 -Y^£B 

y^x^mmm, mm^'^mmm (hvofs) &£- 
(Dmmm. pvds. cvds, ^f>3-7-^ 
t££<»&m.m&imK. x -> turn-?* c t *5-c# 

[0025] -ei/T. ±^L/c-fe7 3 -^xi3u, -e 

h 'J 9^XW*45©M^f3^^(C7>tftEg3nfca 

^{b^te^SBBtt-T-e a>6&s#tfcfi^££WLT 

^•S. CCT, 01«^f*fffi(C«J:»3^R£L-7c-fe^5 9^ 

xi 3 u-cfc •) . v h 9 ^ xf«4 5 
[0026 ] C©J; 0 *»»«HU-T- 5 ©tt^rt^tt^f- 

fil/rt»*. c©^^£L,r©®*li^6«, w*. 

tfi£UrMg. Ca. Sr. B a «c t'<DT)V*J l )±M 
7C^£. W, Ti. Ta. Mo*J<tt) ! Nb*e.I«n5 
^<£4> i«©&«7G*£*»6«JiS3ttaiSteM{fc!» 
^6JSSfe©r*«3. mtf02Cc^TJ:^cc. r;i/* 
U ±»tc^ £ ^Htc^ <!: ©JSlc^fiSte^- <Ste!Mfc8rtft 

[0027 ]^J^.«. 7FiJ.^X«t5-fe5 5-? 
^XWf443(C. MgO. CaO. S r O. BaO&£© 
T)\s*}V±MmtM£. W, Ti. Ta, MofcJ:t>*N 

ss. 05^. 5oo~i4oo°cgs©iaK"e±fa u/c{b^ 

l5]±A5jg)£;o. T;U#'J±ffi7cJft£±i2:£)!7c3R££^ 

*4»*©*4S!6:<t%lWfflir 4C itefcoT . ±ieL-fc« 
^{b^i^-CMS^ci^c 0 . Wg«[^»«ttt4 
^£'(Cfi£ST-i»£l5)B#iCCn6^^ftL, WW 

■Wttoa^bfttt^-T ©suttee >wttrr s. 

[0028] c © J: 5 K 0 T . ^flK^-^tf tt©a^M^ b 

7 ©«B»ti^- 6 4 . ®mmm&* 5 ©tt^-rt-^tt 

^-r B ^cWW^-y:-5C£^-C#5 <> C©^Ma(C«fc»3*ftB 



7 

StMaBJMfltf-BB. v h >j -j **tm 

©jtMjilS^WitiJ-r^o c©J:5&ftIii:J:or, 

5 »^X»3©iBfi»J«5lF^*l5l±S-ttSC4*5pISBi«c 

[0 02 9] »JHtt^6*flUS0Tl,>a8tefMfc 
c© «fc 5 tt*£BKHMft?-7 *Matt4 UT&ffl i,-ci» 

*aa-r * 4 #«:. «*©« 
[0 03 0 ] SHfitt^eo^ttttBt*. fctcisjestt* 

t>©-et*ttl»#. ®m®m%L*5 ©8ma{cfl«SSB3 

tir^-2>4. -fe^s ^x®3rtgi5*Ga-r^ft^©ji 

^fl^tt*7lffl«:$t?L*dtffc«>. J»lS*CD«Wtt* 
(ST 3 •& S C 4 tt < . m^©jtMffll*IJ^m^ff ^ Ci* 

[0 0 3 1 ] ^5KtT-6*t*aE-r*a^»{fc!»tt^-7 
B. Mg. Ca, Sr. B a&4#>6jlBft&4>&< 4 

6 l@©TJU*"J±^7cS4. W. Ti, Ta. Mote 
.£ !>*Nb#><E>jMB*i 4 4> l«©:£JR7t;S45r£ 

4ur^-ct,>nBJ:<, ctt6fcW©ffe©7cSt£;*6 
* x n 3 ©?f$fi£B#(cm»n u tcfcm<Dmm t^txh ©ffl^x 

[ 0 0 3 2 J «*.«". 7^'J±MIiltMg^ 
<,>fct§£-{CB. MgWO, . MgTiO, . MgTi, 
O s . Mg, T i O, . MgTa, O, . Mg, Ta, 
O,, MgMoO, , Mg, Mo, O al . MgNb, O 

. . Mg, Nb, o 9 &4#. T>\>t>*)±m&mth-c 

Ca^ffi^fctl^Kii, CaWO, , Ca, WO ( , C 
aTiO, . Ca, Ti, O, . CaTa, O s . Ca 
Ta, 0„, Ca, Ta, O, . CaMoO, . CaN 
b, O s . Ca, Nb, O, tuiZtmtf ht\2>. 
T>Vij V ±M&mt ItMgiCai £{Jrffl UtttlfeiC 

b. m^a±MibtcMg^^tsm^mimtca.^ts 
m-&wamt<DM&®i. Mg 4c a tzmmc^tsm^ 

mtm. *-5C»Bcne>©ig^«ja:4*4iQ:4 Q 
[0 0 3 3] Wtc. i«S#HM (01*. 12 850°CtJ±) r 

«^iaifleffl-r*iHj»a»W4«:*ji»-c». Mgwo, . m 

gMoO, . Mg, T i O, . MgTiO, , MgTi 
, O s . MgTa, O e . Mg, Ta, O, . MgNb 
, O, . Mg, Nb, O s ft4'«\ ig«ttCa*2rtf« 
£BWB». *5C>ttcn6©»^&£*6«c*8IISti[ 
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-e-n«ca-5<-fe^5 ?**J13©»JfiPWafr*&J:»)3c 

0 Tf#£ t 4 AS Djfl 4 tc a. 
[0 0 3 4 ] iaiL/fc^iSfk^©^^. #fc:Ca£$ 
tfJg^fktJf&^fB. ■l27S^Xi3?:M1'5-7h 

* 1**4 5 4®*^ 6 4©iHBr©wiJt*tf»K:»iiH-r 

10 CtUCi^T. *&©£5ttllH£&«& 

i»*.SC4#UJf}t4&6 0 ifc, «£.*Kfc«©-#©& 

(Stc^4 l-ct i *n b*flit>fcj»£. a^Mfk^rtft^f- 

7 4 v h "J » fXttUS iOM-C Kt£*J*IB|B$fc:£)iS 

u <£9-iim#t4#ft±-r£. mat, 

Psn$ifiV)i>^-T<DW>'g7. r T i O, . ZrNb, O 
7 !&4*AS > *fcY3Kts™/=»-T©*§^Y, T i O s , 
Y 3 NbO, &£#KJ»»4t,'C£J5R-rS. 

[0035] saM&*6*t»i5*s«^b«j*frf 7© 
W(±ijf^4 wfi^-k l < B#H*»«-c*a c 

20 4#a£L<. C©J:^«cJI5tt©«4-¥-*ttSI3'tt)t«jR 

«THJ3-B-'6C4-C*«©JlS*t«l«l3ti*. CC^ 

l~40Mm Sfi-C, rt>-3Jl 
o.l~ 5MnSS. HJt# 0.1~20fiS© 

[0 0 3 6 ] IR^eMbtttt?- 7 ttWtfrfCCRfcttSfc 

©f^c< s mtfr^-^^ htb*5^;^<jis©/h5t,^i 
30 -3*0#H*«t^--c*or<><l:c>. a^^b^^-7 
B. ¥^^*J=fcJ>*M^i^©^*^-ci>rfect 
t-^ ^^6BC©ck^J5:¥«^#ft^©a^^b^) 

4^f$L<, cnK«fc-oT:«(i©e»*J:'3W*6«:Wi 
3Hj-r£C4#s-C£S„ 
[0 0 3 7 ] lt^^b^T-7 ©«»SB#(CPI^3*T, 

<fc«3^3t,>S4-r-S>C4#« : £l<t> <1 **WCCtt. 
40 ftifi-?6©SBl0~ 100Mrn©4EB-e&&C:4#SF£t-/ 

< . c©<t ^ %»es©4 #fcm^©jiMfflitij^jm*5^j 

[0 0 3 8 ] mm^6(Dm^0um *ii-C*^4. 
«tt*tttt©«£IMt«rt«-7 ©^*ic J; S*^W*iJ^J 
m ; Sr+^-^{#ac4*s-C#i5:Ci*J'en^$,0 l —77 100 
Mm?:axa4-fe75 y ^XJ13 ^aECC^T^v h 'J 

-j 9 ^e?- 5 ia©«tejw>3 < €>fc*. msffli^* 
^+^w$n^c^*s^n^*a„ ^**4^6©sb*j 

*5 J: ^W^iMbWH 5 - 7 ©JH*4»3fc*ateRr 5<1 ^ ©*i 

50 ^-ficcfi!<i?-ra. cto-c. sw4-r€>^S{ci£DrM 
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[0 0 3 9] ±IBLfcct -5 tt«^Mb«J«tf-7 J&»6tt4 
Mm&l- 6 «. x 5 ltl~ 50%(fi 

sit) ettco«sH'c»ijffl3B-r*ci3&*»*L«.». mm 
tfc^e©***-? h » fzttWb icmot: mm.% 
-chit, ^ttm^kommmfmh^n sci &v # 

*i#£>&„ — WSktiL+QOMWyMSxt: 
jfixSiv h y v **^5©#*©«tt*«ta3to* 

T 5~40Se*X ©ffiB<fr-5C<!:#S3 6K:M£lA>. 10 

[0040] saua^-eB^ s v ^^m^n^nsk 

W-Cr-Al -Y^12 5 9 ^XJ13 iCD 

3ooMm mBLowmicmcmm^G wastsci 

«5H-C*-5„ £/c, 42^5 9*x®3(C*ftftS^A4vC 

0. C©«^«-fe7 3 9 **H3©*«F5£fiMBCc!fc£ 20 
■C©^m^6 5i-fe5 3 9 ^XJS 3 ttSC 

[0041] $/c— ^r-c. ii^rj-^-f >^iL/-r©-fe 

isaiiifiaccjKiMft^ei^iSts-esiJ:^*. 3 6fc. 

l>> * 5 s 9 3 ©iK*iH«14**»^:3 30 
5CWtt5. Cft&JCfcotT, 

ia)B#K&#-r£c ^c^®*jj:o*^©ia{^ 

tH^ffiLTT i O, *flyrr*C<hK:«fc 
•9t, f^7 5 9 ^XH3?:tgRK-r-S^^3-Ti 
JKCLTZ r T i 2 O, 
a >4$tt£ 2 6 «C|pJ± $ & C £ # -2. . 

[0042] cam. #»r*«£iMb»©«»K:oi,» 

T«1$KK^3ft&k©r«&< . M~C r -A 1 - Y 40 

*«c*«JiR©<>©-C*o-CfeJ:C>. mm^-v-* 
>^©ct^cc*5 3 9*xia3(ca&£jl2#s£t;-5*§£ 

Ktt. KS§P©^ilffi&&&ti*li£©«£^b^&-^ 7 

frfcttsasMStf-es^tts-e. {g»as©»flftfi«tcfr 
^j; o i> tiM&om&mitmL* i a> 6 & -s 6 

£#ffc 3 it & <fc 5 (£ 0 T 4> J: t >. 
[0 04 3] 42v 3 9 ^Xli3£flt(&-r&v h y 
fcB45£L-Ctt. ^IlMl £©aMK9WS»K:«fc»)£i; 50 
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momit^mit-fz V 0 A (C eO ; )©<fc-5&#±8i 
^fb1?)£fflt,>£C<!:#§I£lA>,, H(C, ZrO, KM 
S*i*4A»e£|R©IMb»&£J5S#±U CtttClMb^ 

9 H y *5 a , ^b-fe y $A&£©»±siHb*j*»7rt'# 
•;±SHMb1»*8S»I0fcfc©##* < 

[0044] ig{b^;U3-->A (z ro, ) tcfcur 

I*. «WIIHCC<|:o"C*USfflR»«r«W|-r*A:«>K:. ft 
±^fb^T;w^y±a®?fb^^^ftnbr, iiLt 

T. 1~ 30^S©mi4 B ^^ =i ^7#Hz 9 3 9 i> X® 

3rtgq4c^Lr^si. '^/jNf 7 9 zzmnicMmt 

Z> c t ifi-c # £ Ai«S> . 8u62j»fn©tt.'5*> e> «» * 1/ c> 

[0045] -fe7 3 v*xm3itwwm4<D&mm& 
wtcisjESh* *>©r«^^^. w>tii*— ©iips^fefr 

fS©^MfISttRz -C50jum Wiif^CiW^l* 
<> S6«ca*0<«52Mmfil±-C*4. C©J# 
^©•l27S7i'Xl30ggH, f9*-Xi!ar650H 
v(iHfS20Oqf,3O£!0 felT-C^SCi^S LC>„ C*a6 

k <t «3 . ^tt*©^ptttcfin/c-b 7 3 9 * xji 3 t>m 

[0 046] £tc, t75 v9*m3&M&<Dm9&k# 

nmmmtzm&ici*. m-ct-ai - y^«2 

i©WE^6 200m m fIS$"C©45HW. ^fflffi3*VJs 
3l=«t^i (WUiRz T50Mm Ji(T. 3 6ica$L<« 
48ymfe(T) -CfcfflU -e©^±fBU/cct-5^iiffl3 

SfiJ©»SJS©lRetW. e>*^W 

r65OHv(^ffi20Ogf,3O#) W±T45Ci*WS 

CO<t^j:-b7 5^^i3{Cj;M, «UH©»4*P 
^JL/Zcir^ ffiu£ft©llffltt*ffifcSC -fev 
3 9*^JB3©i»J(lti?**lSl±3ttSCd:35«'r**. « 
(C. -fev 3 9^Xg3©JS3* 200MmW±t-ra^ 

(cti, c©«t^tt^»{b«Ji©H2?3 v9xma*mm 

[0 04 7 ] ±iliL//c-fe 75^^13 ©J^JiR^ 

mzmmTzm-gticte, mtRLtcfmyjmici&c-c&m 

3kfr*WLl£tZ>*><Dt?Z> a *-T> -127 3 9^XJ13© 
-?Y y 9 ^XSrflD&T^vS y^X^iffC. Mg^> 
Ca«r£:©TJl'*y±Sec*4. W. Ti, Ta, Mo 
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±tezpm&te£y)wm!inturm^htiz>&, cn 

*©MIi#iBC Set -5 tz&ffl&U i'cfc K> 4 . Btftfgteift 

autsc t-ca^K{bue^7 ^^©fisnw-e * 

[0048] m&mvmiffl <DmfS.mmt 44tjw 
y±K7cSK&&Bi7afttt. ooT^*u±a7aR*^tf 

fb£»£±iB&«7GjR*£trtb£». feKl^n^© 10 

scis^-rs. (2)TJU*y±»7c:^$t?{b^i±ia 

S, (3)T^^y±S7C^?:^tf<b^i±fe^Jl7C^ 

5t7?-; ^^^rtgptc^^ti-fc^i, ffe#©{b 

[ 0 0 4 9 ] ±fEL/c (2)©^iStCj;ntf . ft££Mb«I 20 

fe. ^7 5^x13 *&m.Bf& v fernery *> Mm & 

(c. C3)©#ffiK:J;n« (l)-^ C2)©^tcJt^rS* 

[0 05 0 ] $e>(C. •fe7;??^13^l'3-7T 
«lSS-rS»^. MgO*>CaOtt£©TJl/*/y±SBMb 
«J*«an-rS#aiLT. Mg»^3i7. Ca 
SRseib^a-T. MgfeKiiCaiYifei'CfIS 30 

7aR-nsai«ji*3c3e<bofcS5e<byju=i-T. m 8 o 

a O i yjUn^-T ^©^M'fb^i'^fi&ffl-r-S C 

i z-T^C a &fflt¥)\> =» -T £ffl<<> & i . ^ 
ili-CM gWa 3W««r * £ # * 3 - T 

[0 05 1 ]±2LfoJ:') ttftttl5f4t&3i©S£jBJt& 
tt. ^ 5 ^XJB3 4Ht??£3ti-sm»*HP6©», 

i -r z>®&mtmm- 1 ©«<£& d-c mm 

JE-fS., W^W^Cie^ffleRiLrtt^ 0.1~30fi«% © 40 
MgOfccfctf 0.l~30fiS% ©C aOA^6jl«n-5>^^: 
< it i« (T;u*y±S^b«J©^sffi« i~3ofiS 
% ) <t> o.l~3QSS% ©WO s . 0.1~25MS% ©T 
i O z . 0.1~3QSM%©T a 2 O s . 0.1~30fi«% 
©Mo0 3 fccfcO* 0.1~30fiS% ©N b, O s frt>Mb* 
*lS*J>fc< itll <£KIMb!»©£»Wtt l~50fig 

%) 3saj**3Befbz r o, frhuzwmm 

If TJU*y±®i^fb#J«S r O^B aOr^o 

[0 05 2] tta«F«:fi!ffl-rSM*4»*K:|l|| m 50 
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~ 150M m ©«5fflr*£C£7W£L<. S 6«C{4 i~ 
125am <DWm-C$>ZCk&W.£Ul,K $6&C, #t5£© 

So S6tc, in*^6©^*a«. Miswtcts^ttMb 

^■«»^7cjR*^tf {b^»©M*4»**«)*r s<i * 
©&^&tcte??-rs„ 

[0053] se-3-c. ±iel/c ci)©^s-r«. r^* 
y ±3H7aR*^tHb^«)»^*«7aR*dtMb^i» 

l^SJWft^eS^ttS-ttSti^tCB. mi* l~44ym 

[ 0 0 5 4 ] ±tBL/c (2)©^ffir«. ?«?>stBs-a-c 
icmcTX3sm*&. ftf*wttt4T«« ci)©*a© 

l«^i[5]^-C^>S 0 Sfc. C3)©^ft^@ffl-rS»^CC 
». TJU^U±S7C*^tf{b^<!:^il7t;^>l:trO'fb 

s^K©A#s^i'^iSS:is^-rs 0 cnetcj;-,-?:. 
[0055] ^cc t ±mhtc£ *> taatsmvm^m^ 

X . £JKStt 1 ±tC^BS^ nfcM - C r - A 1 - 
@2±icmtf^Xv^WftCCj;f3H2^S ^XIS 

^RR-rs. ^c*s. «»©ii»t#>*flit»T. -en-en 
©S»t^>^6SM?4^ (v h y ^xf#«iS 
^iS<b^^7 ©m%Mf4*&*> *S^«cn6©-SP 

xi>£<<\ 

[0056] f#£>n/c-fe-7$ vt>xm3icMLxmnBm 

gOKaO^i'CTWJiiMiW, Ti, T 
a. Mo*sJ;D f NbAiP)3ltfnS^< ife 1«©^M 
7HR©Mfb!B»&#Kl&b-C. liTifiL)tJ:5«c1S^Mfb!» 
*^^TS„ CCi^tta^^biftttT- (*>L 

< tt^©a^iM b^ i l r mm u > ra -emma £ 
tmcQ> w-mni-^mi^n^toxf&m-r^tmm 
zinhimmuxtiim-rz. 

[0 05 7 ] CCDi^KLt. §2(C^UcJ:^il^ 

mi vm* 7 ©j^Mi^- 6 * . mmmmn^ 5 ©»?■« 

^■ftL+MlCftmm 1/^7 5 ^X13 ?rf#S Ci)!iS 
-c#S„ c©BL jS^i , b^&^7tectO*-e©H*^ 
6W. ■fe7 5-7^X^3^fiSU/c^K^a?:Sfi-rc 
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^bhr^i^-T-^^afflL/fc-fe?; ?#x 
13f*oti. ^©lWC^R&T-6£fP114J:<# 

[0058] frhtezmma-s 

fja? Ofc <fc ^ (c. 500~i400°CfMS©iaS"CJSiCteJ: £>* 

oo-i^o-coinHi-r-s,, c<Dcfc^^^ffiaa-c$)n 
«. n i mm^-pc o 

oca. ^asK^iftawcissg-r-So rn,*/y± 

[0059] ±.mbtc£ *> tm-smtmsL+i *mmz 
atcmmftLf- 6 «. 42 7 s ^ x ji 3 ^<Dmm<omm. 

©JSJJI&T-e OJgJKjWlSiaaWT-CfeltltS tiZtcisb. 
427 5 i'x;i3F , g'r©m^©3lM^*WtcWJ*(J^^ 
c £ as-cs c©.=fc 5 ttft»©jraNttU&j|IK:&-3i> 

Ci#T?**. 1rl3it>%. 127 5 **XJ13©If§IJ8ftt 

fiLk 5 4± & c £ # pjftg i % & . 

5fc&£'£ 0T427 3 ^XJS3©vh >J ? ^XW4*CC 

i^rsn, -fe v 5 9 * x n 3 * jf^ l jtacDflwaaxa 30 
f»MaBa**wr sa^n^bfttt^-? ©saat?- 6 

J: < 4±S C itfr* 
[0 0 6 1 ] 

a. 

[0 06 2 ] HSfefld 1 

N i aSBf&^^Mar-M247J&>6fc£?Ll$©^ffl 40 
it. y-7X"7^S*ffitCj:0J?$^ 150Mtn ©N i CoC 
r A 1 Y»*7fcfiSUfcfft. £6&C (a) 8fiS% Y 2 O s 

r O, (fiS^ : 44-80ym)£ > (b)M 
gOiT i O, i^rfiStb-C l:2.5©$Ste"C«^l,fc» 
5fc (IMKWfr : 20- 50 Mm) i*. MStbT8:2©S0^r 
»£Ofc»**^JDKW»*&OTffll,»T. /PS 250m 
m ©42 7 5 ^^IlrSSMlfc. 

[0 06 3 ] ±12427 5 ? i»XJB*JBfiSOft:KI* 

icttu-c. SS*>6uoo'C*-e 6B$ra>wcjRHiOfc 

«. ^-©ias-c 2P*ihhsj#u 9i««ki»r 8oo°cri6H# 50 
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r$m&? z> c t ic j; <o mMmzrn utc mMmmv-t 7 
5 9 *^ji®«)ai!f»4*xi«iEiwj5fe-ca-tfcic*. £ 

*g*ttsmiBtc. MgTi 2 o, * 6 «c 4 

20-60Mm ggTS.^fc. C©«fc5CCLT»fcKt**:fft 

[0064] mmm2 

N i S@iW^^#CM5X-2*i 6 & & &1$©^E CC . 7* 7 X 
v®WffiCC<fc9J13^l40Mm ONiCoCrAlYl 
?r0/SL-fcfI. (a) 8*fi%Y 2 O, SilftZrO, tc 
^6MgO£ 1.5S«X»»0UrfWILft:»af»SM»5K 
(&S7>ffi : 10-44Mm)tC. (b)T i O, »5R (^S^- 

l/Tffl^-C. 150Mm ©^1 ©427 3 s» ^XB 
Zftmistc. $6tC v -e©±(C (c) 8fi*% Y, O, ^ 

^<bz r o 2 <Dm&mm3i mm^m • io~44Mm)£ 

MW^ilTffiW, J5S 100Mm©^2©427 

[0065] aic. ±te 2jf^©427 3 -j zxm&fc 
mistcsm&iiacrc-c mm. $\zm^-c soo'C-cieB^ 

«UHlJri8J:0 t SEMtt«*ie»0yt4C5. N i CoC 
r A 1 YiA>f. 150Mm ©M^CCfc^T, Y&feitVtfr 

S«10~ 30m m ggtfe-, fc. COi^KL rf#fcK*4 
[0 06 6] iblSW 1 

N i SSW^^CMSX-2^6^^3tL^©*EK, 7*7 X 
v^*h£tCj:«5/P3ifol40Mm ©NiCoCrAlYl 

r> 250Mm©427 s -j ? xmzfttf&utc. C©i^ 
*4(ciioo°cr* 38^. m^m^-c 8ocrcvi&mm9i!M 
*mi>trffi. 427 3 -j $ xmpimckmms <*H**fc 

[0 06 7] ±faU/cHiM^ 1 ~ 2 ©SI*5f4fcJ; MMS 

«i©3*stc»Lr. -en^n^x^-f>atEB$tcgp 

**W»HSft*#H»*g8ttl.fc 850°C©^«4i-r, 250M 
Pa©jS^3?rftn^.-C. 12B#p B 11f^ ^;U-CSS£©^0dIU 
an»KK%3WtO/t. *©*S*. HJ6W1~2©SKI4 
t > «iooo-9-4'^;u^®^r^42 7 3 * ^xn©iijg|«sa 
C6»o /c 0 K8m(cKf4©KS«:tlllf lfciC5, 

IS^KiWi^litoSciWofc. —75. ib 
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mm i ©«#■?« 700-9- -y 9A>-c2?**~Tm<Dmm# * c©-fe7 s *xh©s Eumm*mmi,tcifi, waste 

[0 06 8 ] HSS0I3 f&Tf £#ttf?»t{£Gfco 

N i «B»gi^CMSX-2#> 6 6 *L*©*ffl«C . 7* 7 X [ 0 0 7 2 ] ±12 L ttmtfcW 3 fc <fc CttfeKW 2 ©§1**4 

v^Sta«Cj:»5J13^l40am ©NiCoCrAIYf &C*tL,T. ^ft^tt#*;*£-t>a$KB$CC^1tf#IIH3tt 

Zl&f&Vtclk* (a) 8fiS% Y; 0 3 S^tZrO, f& £#H«£^Ofc 850'COXSWr > 250MPa©fto>3£ 

SfiffissMgO^SftZrO, *&5fc£ SrSfittTl fln&T. 12l^lM *;UrSfi£©ti9£L»flftKK* 

0:2©SlJ^TS^L/M^ 2O~80ym)CC. HifeO/c ^©*£*. j|M^3 ©fit*4r(*1000lM i^U 

(b)Nb, 0 5 10* (fe&^Tft : 10~20Mm)£25M% 4>-fe5- 5 v ?*B©WJiSlW£ac 6&#>-ofc. St 

I^Lfcl»^g«If«»*i Utffll<»T, JV3 250M 10 S^JCi^OKS^aiSL/ciC^ Y$©tZrO, 

[0 0 6 9 ] &tc. ±IB-fe ^ 5 v * *»*0fiRO&Kfl- *S©iiUR W^?-^t^?-©S3MfrF-K: «fc 0 Wx. 

*a2otfcr 3B$ra> ?l^f^^r 8oo°cr-i6BtrBl©^-c e>nti,>5ciWo/c„ — jt«w 2 ©Kttotjg 

T, SjBS^Ao-Tfc.fctfMffNb, b 6 TMUfiSSn [0 0 7 3] 

gNb, o ( *6%5TOW^bt§siTi,>s 20 &fcat>. t55 •?z^m<bmm*¥m , &£.<mm-?z>z 

ctamm^titc. c4i6©^»s«2o~30Mm fisr i*«?ite4a:*. se-o-c. mm&tm$t*:&8>icft±2 

c©<fc i 5{curf#/cf3tf4^a-r€»!|#tti¥«^ *A:Wi»aM**»tt-r4c43&ir*s. 

[0ffi©f£mftiaHjn 

[0070] jusot 2 [an -^wm-mmm^ & hwmm*<o&m 

n i ffiew^^cMsx-2*»e>^-sAii©affl(c. s*«s;fl«jtc^-r»fffiS'ca>s. 

■7?§*fiS(C J:D»3JWl40Min ONiCoCrAlYI [02] 01 KttWS&ttmk*ttV&M~C*> 
«Bl£0fcfft. 8fiS% Y 2 O s gfJgftZ rO, ift 

ax Mgogse^bz r o, i*MJt-cio:2©*te-cs iWKovm] 

&otc®mz®mmmm±Lrm^-c. mz 200/1 m 1 &mmtt 

<D-tz ; 7?.yt>xm*]&f&Ltc. 30 2—M-Cr-Al-YMl 

[0 0 7 1 ]^(C, ±IB-fe^5 y t> xm&Bf&Utctm 3 -fe^S^^^jl 

^1200'C-C 3B#Pb1. 800°C-Cl6B$F^©^r 4 WS»SP« 

ft&9 L fc„ MMS^©-fe 5 5 * X a©«RfcW X 5 7hiJ-;W W*4 

«Ha*rffir8l^«:4C6, iiltYSSt^a-T 6 iH^IST- 



[02] 



(10) 
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